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SPECIFICATION 

Electronic Version 1.2.8 
Stylesheet Version 1 .0 

FILTER HOUSING ASSEMBLY 

FOR USE IN OXYGEN 
CONCENTRATORS AND OTHER 
COMPRESSORS 

Background of Invention 

[0001 ] This invention relates generally to filter assemblies and, more particularly, to 
various embodiments of a filter housing assembly for use in compressors such as 
oxygen concentrators and other medical applications in the home care medical 
equipment industry. 

[0002] oxygen concentrators are commonly used in the care of respiratory patients, 
particularly, in the home care environment, to provide sufficiently high purities of 
oxygen to the patient without using high pressure tanks or liquid oxygen. Oxygen 
concentrators utilize ambient atmospheric air as their source of oxygen in conjunction 
with an absorption system to separate oxygen from the other gases found in the air 
and to provide that oxygen in concentrated form to the patient. Atmospheric air 
typically includes approximately 80% nitrogen and 20% oxygen. The various types of 
absorption systems used in oxygen concentrators generally include molecular sieve 
beds for separating the gas mixture into an oxygen portion and a nitrogen portion. 
Nitrogen is absorbed by the molecular sieve beds when under pressure and is retained 
in such sieve beds until subsequently purged. Typically, two sieve beds are utilized so 
that as one sieve bed separates nitrogen from the oxygen, the other sieve bed is 
simultaneously purged of the nitrogen absorbed during the prior separation cycle. 
This separation process is accomplished through an appropriate absorbent material 
utilized in the sieve beds such as special granulated materials, for example, Zeolite • 
granules, which selectively absorb the oxygen from the compressed air passing 



APP ID= 10064898 



Page 1 of 25 



.1 f HI f& *3- H - O O P 7/ G'S 



through the sieve beds. 

[0003] Typically, atmospheric air is drawn into an oxygen concentrator from the ambient 
environment. Such ambient air is then passed through a filter assembly to remove 
dust and other contaminants, and the filtered air is then pressurized by a compressor 
for introduction into the absorption system or molecular sieve beds. Once the 
compressed air is introduced into one of the molecular sieve beds containing the 
granulated absorbent material, nitrogen is selectively absorbed leaving the residual 
oxygen available for patient use. After a predetermined period of time, the supply of 
compressed air is automatically diverted to the second molecular sieve bed where the 
process is repeated enabling the output of oxygen to continue uninterrupted. While 
pressure in the second molecular sieve bed is increased, the pressure in the first 
molecular sieve bed is reduced to zero thereby allowing nitrogen to be released and 
returned to the atmosphere. The granulated absorbent material is then regenerated 
and made ready for the next cycle. By alternating the pressure in the two molecular 
sieve beds, a constant supply of oxygen is produced while the selected absorbent 
material is continually being regenerated. Oxygen concentrators typically produce an 
oxygen concentration usually in the range of 90-95%. 

[0004] Use of an effective filtration system for purging contaminants from any liquid or 
gas is always important for a multitude of obvious reasons. Properly and effectively 
filtering the incoming ambient air before it is compressed and introduced into the 
molecular sieve beds of an oxygen concentrator is likewise important because 
effective filtration not only improves the overall efficiency of the oxygen concentrator 
but it also improves and increases the oxygen concentration provided to the patient. 
Routine maintenance also includes changing the air filters at regular intervals. As a 
result, easy access to the filter assembly, easy manipulation, removal and re- 
installation of the filter housing assembly, and improved filtration of the air passing 
through the filter assembly are important characteristics of any oxygen concentrator. 
Still further, the type and size of compressor associated with an oxygen concentrator 
determines the overall oxygen flow rate capacity as well as the level of noise produced 
by the system during operation. In general, large compressors required for providing 
higher rates of oxygen can be quite noisy. 
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[0005] It is therefore desirable to provide a filter housing assembly which improves the 
air filtration process to the molecular sieve beds, which is easily manipulated to 
change filter assemblies on a periodic basis, and which can reduce and dampen the 
overall noise level associated with the operation of an oxygen concentrator or other 
compressor assembly. 

[0006] Accordingly, the present invention is directed to a filter housing assembly which 
overcomes one or more of the problems as set forth above. 

Summary of Invention 

[0007] The present invention overcomes many of the shortcomings and limitations of the 
prior art devices discussed above and teaches the construction and operation of 
several embodiments of a filter housing assembly adaptable for use in a wide variety 
of different compressor assemblies wherein air is filtered or otherwise purged of 
contaminants such as for use in oxygen concentrators and other medical applications 
in the home care medical equipment area. In one aspect of the present invention, the 
filter assembly includes a housing structure that is preferably frusto-conical in shape 
having a domed end portion, the filter housing member being adaptable to receive 
either a pleated type filter member or a solid core type filter member, with either filter 
member configuration having a passageway extending therethrough. A single hole is 
positioned in the domed portion of the filter housing member for allowing ambient air 
to enter the filter assembly for passage therethrough before being compressed for use 
in an oxygen concentrator or other compressor application. This single hole is 
preferably positioned at or near the apex of the housing dome, however, it can be 
offset from the apex as well. The interior of the filter housing member is substantially 
hollow and is sized and dimensioned to receive an appropriately sized substantially 
cylindrical filter member. 

[0008] A first end cap member is attached and secured to one end portion of the filter 
member by any suitable means such as by a hot melt adhesive. The opposite end 
portion of the filter member is likewise attached and secured to a second end cap 
member by suitable means. The second end cap member includes an opening for 
allowing air which has circulated through the filter member to exit the filter housing 
assembly for passage into the oxygen concentrator or other compressor assembly. 
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[0009] The interior of the filter housing member includes a plurality of shoulder members 
which are strategically positioned towards the domed end portion of the housing 
member for facilitating the centering of the filter member and its associated end cap 
members when the filter member is positioned within the housing member. When the 
filter member is positioned within the filter housing, the first end cap member will 
engage the plurality of shoulder members preferably via a slip fit type arrangement 
thereby positioning the filter member in the desired location. Although a slip type fit 
is generally preferred, other means of engagement are likewise anticipated and 
recognized. 

[001 0] Ambient air enters the filter assembly through the hole in the domed portion of 

the housing member. Air then travels through the spaces or gaps which exist between 
the internally positioned first end cap member and the housing member so as to 
travel along the entire outer periphery of the filter member. From there, air travels 
from the outside of the filter member through the filter member to the central 
passageway extending through the interior portion of the filter member. Once the air 
has traveled to this interior passageway, it has been filtered and then flows through 
this interior passageway to the opening extending through the second end cap 
member for allowing the filtered air to exit the filter assembly for passage into the 
compressor assembly. Under some operating conditions, it has been found that the 
hole size associated with both the hole in the domed portion of the housing member 
as well as the hole in the second end cap member can be controlled to reduce 
compressor noise. For example, it has been found that under certain operating 
conditions, hole diameter sizes in the range of 3/1 6 inch to 1 /4 inch is sufficient for 
noise reduction. Smaller diameter holes can be used, but the additional reduction in 
noise is not appreciable and the restriction to air flow through the filter member is 
undesirably increased. 

[001 1] In another aspect of the present invention, the filter housing member includes a 
plurality of openings in the domed portion thereof for allowing more ambient air to 
enter and circulate around and through the filter member depending upon the output 
capacity of the oxygen concentrator or other compressor application involved. In this 
regard, it is anticipated that any number of holes can be associated with the filter 
housing member. 
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Brief Description of Drawings 

[001 2] For a better understanding of the present invention, reference may be made to the 
accompanying drawings. 

[001 3] Fig. 1 is a perspective view of one embodiment of the present filter housing 
assembly constructed according to the teachings of the present invention. 

[001 4] Fig. 2 is a perspective view of the filter housing assembly of Fig. 1 showing the 

single hole positioned in the domed portion of the housing member for allowing air to 
enter the assembly. 

[001 5] Fig. 3 is a cross sectional view of the filter housing assembly of Fig. 1 showing use 
of a solid core type filter member. 

[001 6] Fig. 4 is an exploded side elevational view of the filter housing assembly of Figs. 
1 -3 showing use of a pleated filter member and its associated filter tube. 

[001 7] Fig. 5 is an end elevational view looking into the interior of the filter housing 

member of Figs. 1 -4 showing the plurality shoulder members located therewithin as 
well as the single hole in the domed portion for allowing ambient air to enter the filter 
assembly. 

[001 8] Fig. 6 is an end elevational view of the domed portion of the filter housing 
member of Figs. 1 -5. 

[001 9] Fig. 7 is an end elevational view of the domed portion of another embodiment of 
the present filter housing member showing use of a plurality of openings for allowing 
ambient air to enter the filter assembly. 

Detailed Description 

[0020] 

Referring to the drawings more particularly by reference numbers wherein like 
numerals refer to like parts, the numeral 1 in Figs. 1 and 2 identifies a filter housing 
assembly constructed according to the teachings of the present invention. The filter 
assembly 1 can be constructed so as to be compatible for attachment to any suitable 
type of compressor fitting associated with any compressor assembly where the 
present filter assembly may be utilized. Although the specific compressor application 
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discussed herein is directed to an oxygen concentrator used in the medical equipment 
industry, it is recognized and anticipated that the present filter housing assembly can 
be utilized with any compressor assembly where ambient air or any other air source 
needs to be filtered during the compression process or other application. It is also 
recognized that the filter housing assembly constructed according to the teachings of 
the present invention can likewise be fashioned into a variety of different sizes and 
shapes other than those illustrated herein and that the other components associated 
with the present assemblies such as the end cap members 1 2 and 28 may likewise be 
correspondingly shaped to conform to the shape of the overall assembly without 
departing from the teachings and practice of the present invention. 

[0021] The filter housing assembly illustrated in Figs. 1-4 includes a generally hollow 

frusto-conical shaped housing member 2 having a dome shaped portion 4 associated 
with one end portion thereof, a first end cap member 12 for mounting to one end 
portion of a filter member, and a second end cap member 28 mounted to the opposite 
end portion of the filter member. The housing member 2 includes a substantially 
hollow interior accessible from an open end portion 3 as best illustrated in Fig. 4 and 
is adaptable for receiving a suitably configured filter member as will be hereinafter 
explained. In the embodiment illustrated in Figs. 1-6, the domed portion 4 of the 
filter housing member 2 includes a single hole or opening 6 preferably positioned at 
or near the apex thereof, and a plurality of circumferencially spaced shoulder 
members or projections 8 as best illustrated in Figs. 3-5. The single hole or opening 6 
is provided for allowing ambient air to enter the filter housing assembly for passage 
through the filter member such as the filter member 10 illustrated in Fig. 3, and the 
shoulder members 8 are provided as a centering mechanism for facilitating the 
centering of the filter member when such filter member is positioned within the filter 
housing 2 as will be hereinafter further explained. Although the single hole is 
illustrated as being located at the apex of domed housing portion 4, it is recognized 
and anticipated that the hole 6 may be positioned in an offset arrangement from the 
apex of domed portion 4 depending upon the particular application involved and/or 
other operational requirements and/or parameters. 

[0022] As best j|| us trated in Figs. 3 and 4, a first end cap member 1 2 is positioned and 
attached to one end portion of the filter member itself such as the filter member 1 0 
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illustrated in Fig. 3. In this regard, the filter member 10 is substantially cylindrical in 
shape and is a conventional solid core type filter having a central passageway 20 
extending along its entire length as also illustrated in Fig. 3. A conventional 
substantially cylindrical pleated type filter member 22 is illustrated in Fig. 4 along with 
a corresponding filter tube member 24 commonly used with pleated type filters. The 
filter tube 24 typically includes a plurality of openings 26 and is provided as structural 
support for the pleated filter media. The filter tube member 26 is likewise 
substantially cylindrical in shape and is dimensioned so as to be insertably received 
within the central opening such as the opening 20 illustrated in Fig. 3. This central 
filter opening likewise extends along the full length of a conventional pleated type 
filter member such as the member 22 illustrated in Fig. 4. Although a filter tube 
member such as the member 24 may likewise be utilized with a solid core type filter 
media and such a member 24 is illustrated in Fig. 3, it is recognized that use of a filter 
tube member may not be necessary when using a solid core type filter member 
depending upon the structural integrity of the filter member itself. 

[0023] 

The first end cap member 1 2 includes a plurality of upstanding projections or 
flanges 14 as best illustrated in Fig. 3 which define an outer cylindrical or annular 
space or cavity 16 which is spaced and dimensioned so as to receive one end portion 
of the filter member. The filter member such as the members 1 0 and 22 are bonded 
or otherwise attached to the first end cap member 1 2 preferably by a hot melt 
adhesive which is applied in the cavity or recess area 1 6 of end cap member 1 2. One 
end portion of the filter member is thereafter inserted into the hot melt adhesive 
creating an air tight bond between the filter media and the end cap member 1 2. 
Although a hot melt adhesive is generally preferred, it is also recognized and 
anticipated that a wide variety of other attachment or bonding means can likewise be 
utilized to accomplish this task. The inner projections 14 associated with end cap 
member 1 2 form a second cavity or recessed area 1 8 which is shaped and 
dimensioned to lie in registration with the central opening 20 extending through the 
filter media such as the filter member 10 illustrated in Fig. 3. Importantly, the first 
end cap member 1 2 includes no openings extending therethrough for reasons which 
will be hereinafter explained relating to controlling the direction of the air flow within 
the filter housing assembly 1. In the embodiment illustrated in Figs. 3 and 4, the end 
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cap member 1 2 is substantially cylindrical and the opposed outer upstanding 
projections or flanges 1 4 represent a substantially cylindrical outer perimeter side wall 
or edge portion while the inner upstanding projections or flanges 1 4 represent a 
substantially cylindrical inner side wall defining the cavities or recessed areas 1 6 and 
18. 

[0024] A second and opposite end cap member 28 is likewise constructed so as to be 
positioned and attached to the opposite end portion of the filter media such as the 
filter members 10 and 22 illustrated in Figs. 3 and 4. Like end cap member 12, end 
cap member 28 includes a plurality of upstanding projections or flanges 30 and 32, 
the opposed outer flanges 32 being illustrated as being slightly longer in length as 
compared to the projections or flanges 30. The upstanding projections or flanges 30 
likewise define a substantially cylindrical or annular cavity or recessed area 34 which 
is sized and dimensioned to receive the opposite end portion of the filter member 
whereas the outermost flanges 32 in conjunction with the outermost flanges 30 define 
an area 36 which communicates with the housing member 2 to define an outer 
peripheral area 40 which completely encircles the filter media when the filter media is 
inserted within the housing member 2 as will be hereinafter explained. The second 
end cap member 28 likewise includes a tubular extension 42 as illustrated in Figs. 3 
and 4 having an opening 46 extending therethrough which communicates with an 
opening 44 formed by and between the innermost projections or flanges 30 
associated with end cap member 28. The innermost flanges 30 forming the opening 
44 are likewise shaped and dimensioned so as to lie in communication with the 
central opening extending through the filter media such as the opening 20 extending 
through filter member 10 illustrated in Fig. 3, the openings 44 and 46 providing an 
exit passageway for allowing the air which has circulated through the filter member to 
exit the filter assembly 1 for passage into the compressor assembly. 

[002 5] The tu bular extension 42 is illustrated as having internal threads 48 adaptable for 
threadedly engaging a corresponding compressor fitting to which the present filter 
assembly 1 would be attached. It is recognized and anticipated that the tubular 
extension 42 could likewise be modified to adapt for connection to any suitable type 
of compressor fitting depending upon the particular application involved. This means 
that the tubular portion 42 of end cap member 28 could be either internally or 
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externally threaded based upon the particular compressor fitting, or a rubber hose or 
other fitting member could be slideably engaged over the exterior portion of tubular 
extension 42. Like end cap member 1 2, end cap member 28 is bonded or otherwise 
attached to the opposite end portion of the filter media such as filter member 1 0 
preferably by a hot melt adhesive as previously described with respect to end cap 
member 1 2, although other attachment or bonding means can likewise be utilized. 
Regardless of the attachment means utilized, it is important that an air tight seal be 
created between end cap member 28 and the filter member. 

[0026] Once end cap members 1 2 and 28 are attached to the opposite end portions of 
the filter member such as filter members 10 and 22, this entire assembly is then 
inserted into filter housing member 2. In this regard, housing member 2 includes a 
plurality of circumferentially spaced projections or shoulder members 8 (Figs. 3-5) 
which are shaped and dimensioned so as to engage the outermost peripheral edge 
portion or flange 1 4 associated with the first end cap member 1 2 as best illustrated in 
Fig. 3. The shoulder members 8 are strategically positioned within the interior of the 
housing member 2 towards the domed portion 4 so as to help center the filter 
member when it is inserted within the housing member 2. When end cap member 1 2 
engages all of the plurality of shoulder members 8, the filter member 1 0 will be 
substantially centered within the filter housing 2. This is important so that the annular 
or cylindrical space 40 will exist all the way around the outer periphery of the filter 
media and so that air can flow around the entire outer peripheral surface area of the 
filter member before passing therethrough. If shoulder members 8 are not utilized 
and the inner surface of the filter housing 2 is substantially smooth, the filter member 
10 may not lie substantially centered within the filter housing 2 when inserted 
therewithin thereby causing an uneven distribution of air flow around the filter media. 

[0027] once the filter member is inserted within the filter housing 2, the terminal end 
portion of the outer peripheral flanges 32 associated with end cap member 28 will 
engage the terminal edge portion of the filter housing 2 at intersection 50 as best 
illustrated in Fig. 3. In this regard, the terminal end portion of the flanges 32 
associated with end cap member 28 include a recessed or notched surface portion 52 
which overlaps and mates with a corresponding recessed or notched surface portion 
54 associated with the open end portion 3 of the filter housing 2 as again best 
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illustrated at intersection 50 in Fig. 3. The overlapped and mating surfaces 52 and 54 
are thereafter attached or bonded to each other using any suitable means so as to 
again create an air tight seal between end cap member 28 and filter housing member 
2. It has been found that an ultrasonic weld joint accomplishes this task, although 
other attachment or bonding means can likewise be utilized so long as an air tight 
seal is formed. In this regard, it is also important to note that the shoulder members 8 
should also be positioned and located so as to enable the end cap member 28 to 
engage the filter housing member 2 such as at joint 50. Once sealed, the filter 
housing assembly 1 is ready for attachment to any appropriate inlet compressor 
fitting associated with any compressor assembly including an oxygen concentrator. 

[0028] Once the present filter housing assembly 1 is installed on an appropriate 

compressor assembly, air enters the filter housing member 2 through the opening 6 
associated with domed portion 4. Since end cap member 1 2 is solid and includes no 
openings extending therethrough, air entering the domed housing portion 4 is forced 
to flow around end cap member 1 2 and travel between end cap member 1 2 and the 
housing member 2 through the spaces or gaps existing between the plurality of 
spaced shoulder members 8 into the cylindrical or annular space 40 defined by and 
between the outer peripheral wall portions of the members 2 and 28 and the filter 
media such as the member 10 (Fig. 3) positioned therewithin. Air then travels along 
the full length of the annular space 40 along the entire outer periphery of the filter 
member 1 0 and then travels from the outside of the filter member 1 0 through the 
filter media to the central passageway 20 as best seen in Fig. 3. Since the air that 
enters the domed portion 4 of the filter housing 2 travels substantially the full length 
of the annular space 40, the full surface area of the filter media can be utilized for 
filtration purposes. Once the air has traveled to the interior central passageway 20, it 
will then flow through passageway 20 to the openings 44 and 46 associated with end 
cap member 28. Once the air exits passageway 46, it will enter the inlet portion of the 
compressor assembly to which the filter assembly 1 is attached for processing 
therethrough. 

[0029] j n certa j n compressor applications, particularly, where large compressors are 

being utilized to achieve higher rates of flow, compressor noise may be a problem. It 
has been found that controlling the diameter of the openings 6, 44 and/or 46 can 
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likewise reduce inlet compressor noise as well as any noise associated with air flowing 
through the filter housing assembly itself. For example, in one particular application, 
a 1 /4 inch diameter hole 6 in the domed portion 4 of the filter housing 2 as well as a 
1 /4 diameter hole 44/46 in end cap member 28 acted as restrictors to air flow which 
reduced the amount of audible noise generated by the compressor pump. In this 
particular situation, it was found that larger diameter holes did not sufficiently reduce 
the amount of noise associated with the compressor. In addition, although smaller 
diameter holes could likewise be used to further reduce the amount of noise 
associated with the compressor pump, it was found that this additional noise 
reduction was not appreciable and, instead, the restriction to air flow through the 
filter assembly was increased, in some cases, to an undesirable level. As a result, in 
this particular application, a hole size in the range from about 3/1 6 inch to about 1 /4 
inch diameter for holes 6, 44 and 46 was found to be sufficient for adequate noise 
reduction. 

[0030] It is also recognized and anticipated that in some applications, the diameter of 

hole 6 can be less than the diameter of holes 44 and/or 46 and, in other applications, 
the diameter of hole 6 can be greater than the diameter of holes 44 and/or 46. It is 
also recognized that if the diameter of hole 44 needs to be less than the 
manufactured diameter as illustrated in Fig. 3, appropriate insert members may be 
inserted and engaged with the innermost flanges 30 associated with end cap member 
28 thereby restricting the manufactured hole size to the desired lesser diameter hole 
size. It is also recognized and anticipated that the holes 44 and 46 will be fabricated 
as a single opening extending through end cap member 28 for ease of manufacturing, 
although different hole sizes for the openings 44 and 46 can be fabricated depending 
upon the particular compressor application involved. 

[003 1 ] Fi g 5 js an enc j elevational view looking into the interior of the housing member 
2. Although only four shoulder members 8 are illustrated in this particular 
embodiment, it is recognized and anticipated that any number of shoulder members 8 
can be circumferentially spaced around the interior wall portion of the housing 
member 2 so long as a sufficient number of members 8 are utilized to substantially 
center the filter member within the housing member 2 when inserted therewithin. In 
this regard, it is anticipated that at least three shoulder members 8 will provide 
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adequate centering capability, although a lesser number may be utilized depending 
upon the actual configuration of the shoulder members 8. 

[0032] Fig. 7 discloses another embodiment 56 of the present filter housing 2, the 
housing member 56 being substantially similar in construction and operation to 
housing member 2 but differing therefrom primarily in the number of holes 
associated with the domed portion of the housing member. Fig. 7 represents an end 
elevational view looking at the exterior of domed portion 58 showing the use of a 
plurality of holes 60 for allowing air to enter the filter housing 56. In this 
embodiment, it is recognized and anticipated that any number of holes 60 may be 
distributed across the domed portion 58 of housing member 56, and it is likewise 
anticipated that the arrangement of the holes 60 may take on a wide variety of 
different configurations including a configuration different from that illustrated in Fig. 
7. The use of a plurality of holes 60 as compared to a single hole 6 allows more 
airflow to circulate through the filter assembly based upon the specific application 
needs. Here again, the size of the openings 44, 46 and 60 can be controlled and 
varied in similar fashion as discussed above with respect to filter housing member 2 
both for noise reduction purposes and for other application needs. In all other 
respects, the construction and operation of housing member 56 is substantially the 
same as housing member 2 and housing member 56 mates with end cap members 1 2 
and 28 in a similar fashion as discussed above with respect to housing member 2. 

[0033] Because the tubular portion 42 of end cap member 28 is adapted for easy 

coupling to a corresponding compressor inlet fitting, such as through the use of the 
threaded members 48, installation and removal of the entire assembly 1 is relatively 
quick and easy. Routine maintenance and changing of the entire filter assembly 1 is 
easily accomplished by merely unscrewing or otherwise uncoupling tubular extension 
42 from a compressor inlet fitting and thereafter reinstalling a new filter assembly 1 . 

[0034] 

It is also anticipated that the filter housing members 2 and 56 as well as end cap 
members 1 2 and 28 will be made using an injection molded plastic resin, although 
other materials may likewise be utilized. Still further, it is also recognized that the 
overall dimensions of the present filter housing assembly as well as the specific shape 
and configuration of the various members associated therewith such as the members 
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2, 1 2, 28 and 56 are all subject to wide variations and may be sized and shaped into a 
variety of different sizes and configurations so as to be compatible with the size and 
shape of the particular compressor assembly into which the present structures may be 
mounted, or to conform with any space limitations associated therewith without 
impairing the teachings and practice of the present invention. Although the filter 
housing members 2 and 56 are preferable frusto-conical in shape, such members can 
likewise be substantially cylindrical in shape compatible with the conventional 
cylindrical filter media presently utilized in the known filter assemblies. Other 
variations and modifications to the various components comprising the present 
structures are also contemplated. 

[0035] Thus there has been shown and described several embodiments of a novel filter 
housing assembly which is adaptable for installation onto the inlet of any compressor 
assembly, which filter housing assemblies fulfill all of the objects and advantages 
sought therefore. Many changes, modifications, variations and other uses and 
applications of the present invention will, however, become apparent to those skilled 
in the art after considering this specification and the accompanying drawings. All such 
changes, modifications, variations and other uses and applications which do not 
depart from the spirit and scope of the invention are deemed to be covered by the 
invention which is limited only by the claims which follow. 
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